YBaCuO and ErBaCuO films have been deposited on Si substrates with and without a ZIo2 buffer layer and on GaAs substrates by RF diode sputtering from stoichiometric oxide targets. The films and interface between the films and semiconductor substrates are analyzed by Rutherford backscattering spectrometry (RBS), X-ray fluorescence spectroscopy (XRF), Auger electron spectroscopy (AES), energy dispersive X-ray spectrometry (EDAX), and scanning electron microscopy (SEM). The films grown on Si substrates with a Zr02 buffer layer show superconductivity above 65 K and no significant interaction at the interface is observed. High-T, films can be obtained either by slow furnace annealing or by rapid heat-pulse annealing. No significant interaction is observed between YBaCuO (ErBaCuO) and GaAs after rapid thermal annealing at temperatures below 750°C.
Introduction
Fabrication of high-?; superconducting thin films on widely used silicon and gallium arsenide substrates is of great importance to microelectronics. It not only provides the advantage of being able to apply the mature semiconductor fabrication technology, but also may lead to hybrid devices and circuits utilizing both superconductor and semiconductor properties.
Because of the significance of growing high-T, thin films on semiconductor substrates, several groups have studied the deposition of the superconducting films directly on Si substrates without post annealing [1,2,31 as well as on Si substrates with a 2 1 0 2 buffer layer with subsequent heat treatment [4, 5] This study is a continuation of our effort to grow high-T, thin films on semiconductor substrates [5]. We aim to grow YBaCuO and ErBaCuO high-T. thin films on standard Si and GaAs wafers with and without a buffer layer by RF diode sputtering from stoichiometric oxide targets. However, due to the limitation of our deposition system, in-situ superconducting films have not been obtained so far. Thus, subsequent high-temperature heat treatments are required to achieve superconductivity in the films. Both furnace annealing and rapid thermal annealing in a heat-pulse system are utilized for this purpose. The results show that almost the same superconducting properties in terms of critical temperature and critical current density are obtained by rapid thermal annealing (within a few seconds) and by hour-long furnace annealing.
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Manuscript received August 22, 1988 The possibility of growing high-Tc films directly on GaAs is also investigated The interface reactions between GaAs substrates and YBaCuO (or ErBaCuO) films, annealed at different temperatures for different lengths of time, is studied using AES depth profiling and RBS. No significant interaction occurs after annealing at 750°C for less than ten seconds. However, annealing at 800°C for ten seconds results in severe interactions at the interface.
Experiment
Before depositing the YBaCuO or ErBaCuO film, the surface of the substrate was cleaned. The Si substrates with or without a ZrO2 buffer layer were treated with a 5:l:l solution of H2S04:H202:Ii20 for ten minutes followed by a buffered HF solution for five minutes. 'Ihe GaAs substrates were degreased with organic solvents and then etched in a 1:l solution of HCI:H20 for ten minutes.
The ZrO2 buffer layers were deposited by RF diode sputtering in a OdAr gas mixture from a 5-inch zirconium target
The YBaCuO and ErBaCuO films were deposited by RF diode sputtering from stoichiometric targets. The deposition conditions are summarized in Table 1 .
The post annealing of the samples was done either in a furnace or a heat-pulse system with the steady flow of 0 2 . For the heat-pulse system, the rise time from 400OC to 900°C is less than 10 seconds. The fall time from 900°C to 400OC is less than 20 seconds.
Resistance as a function of temperature was measured by the four-point probe technique. The critical current as a function of temperature was determined from current-voltage characteristics. The average composition of the films was determined by XRF. The interface between substrate and film was observed by RBS, cross-section SEM, and AES depth profiling. The surface morphology of the films was probed by SEM and EDAX. 
TABLE 1. YBaCuO and ErBaCuO film deposition condition

Results and Discussion
YBaCuO on Si Subsirate
The as-deposited film on Si was not superconducting. Thus, subsequent annealing was necessary. Since the interaction between Si and YBaCuO became severe at temperatures above 650°C [3], the annealing was done at 650°C for two hours or at 85OoC for a few seconds to minimize the interaction. A film deposited at a substrate temperature of 600°C in a lO%OdAr mixture showed onset T, of 60 K and zero resistance T, of 16 K after annealing at 650°C for two hours. It also had a slightly negative temperature coefficient of resistance above the onset T,. Similar results were obtained on a sample deposited under the same conditions, but annealed at 85OoC for a few seconds. The composition of the samples was Y:Ba:Cu = 1:1.87:3.30, as measured by XRF.
The lower onset T, than as expected (90 K) was probably due to oxygen deficiency in the films. It has been observed that if the oxygen content in Y1Ba2Cu30, is 6.5 e x < 6.7, T, is about 60 K [61. Since the annealing was done either at 650°C for a long time or at 850°C for a very short time, it is likely that the films were oxygen-deficient [71.
YBaCuO on Si substraie with a Zr02 Buffer h y e r
The resistance as a function of temperature for a YBaCuO film deposited on a Si substrate with a 400-nm ZrOz layer is shown in Fig. 1 . The film was deposited at a substrate tempemure of 400°C with l%OJAr gas mixture and subsequently annealed at 850°C for two hours. It had onset T, of 92 K and zero resistance T, of 66 K. It also showed a positive temperature coefficient of resistance above the onwt temperature.
The composition of the film was YBa:Cu = 1:2.05:2.81, as determined by XRF. The SEM micrographs of the cross-section and surface of the annealed sample are shown in Fig. 2 . Distinctive layers of the YBaCuO film LI .d the ZrOl layer on Si were clearly observed on the cross-section view (Fig. 2a) , suggesting that the ZrOz layer effectively prevents the interaction between the Si substrate and the YBaCuO film. The surface SEM (Fig. 2b) showed that there were three phases present: grainy phase, rod phase, and layered phase. A part of the layered material was covered by the round grains and rods. The grain morphologies were similar to those observed by MogroCamper0 ei al. [4] . Also microcracks were visible from the surface SEM. Those were mainly due to the large discrepancy of the thermal expansion coefficients between YBaCuO and Si (12.9 x 10"/°C vs. 3 x lO"/T) [3] . We believe that the presence of a large number of microcracks was responsible for the wide transition from onset T, to zero resistance T,. 
ErBaCuO on Si substrate with a ZrOz buffer layer
Both furnace annealing and rapid thermal annealing methods were applied to the ErBaCuO films. Furnace annealing was done at 850'C for one hour. Rapid thermal annealing was accomplished at 900°C for 13 s, 920°C for 5 s, or 920" for 10 s without furlher annealing. The superconducting properties in terms of T, and J, were similar for the two annealing methods, under the same deposition conditions. Figure 3 shows the resistance vs. temperature of the furnace-annealed sample. The sample displayed onset T, of 91 K and zero resistance T. of 71 K. The film was deposited at the substrate temperature of 400°C in a l%OdAr gas mixture on Si substrate with a 250 nm-thick Zr02 layer. The film composition was Er:Ba:Cu = 1:1.67:2.38 as measured by XRF. Figure 4 shows the temperature dependence of the critical current of the sample annealed at 920°C for 5 s. The critical current was defined as the. current at which the voltage was 1 pV. From Fig. 3 and Fig.  4 , it can be Seen that the two samples had almost exactly the same zero resistance T,. The critical current density at 13 K was approximately 380 Ncm' for the furnace-annealed sample compared to roughly 450 NcmZ for the rapid-annealed sample. Figure 5 shows the cross-section and surface SEM pictures of the twci samples. The asdeposited films were smooth and featureless. Both annealed samples had a rough surface and grain structures. Also there were voids in thc ErBaCuO layers for both cases. However, the rapid-annealed sample had a higher density of voids than furnace-annealed sample (Note the different scales on Fig. 5a and 5b) . The distinctive layers of the ErBaCuO film and Z a are still clearly observed for both cases. It indicates that there was no interaction between ErBaCuO films and Si substrates. The surface SEM of the furnace-annealed sample (Fig. 5c ) revealed that there were three phases present in the films: small round grains, rock-like grains in the film matrix, and islands. The islands were a few microns in size and well distributed over the film. Microprobing (EDAX) has been done on the islands. The results showed that the phase was rich in Cu, suggesting that it was mainly composed of copper oxides. In contrast to the fumace-annealed sample, there was only one main phase present in the rapid-annealed film: layered material (see Fig. 5d ). The small amount of tiny dots on the layers might represent the initial stage of a second phase. One possible explanation is that the annealing was done in such a short time that the other phases did not have sufficient time to grow.
The surface SEM showed that there was a significant amount of microcracks. The wider T, transition and lower critical current density for the samples, compared to films deposited on SrTi03 and MgO single-crystal substrates, might be the result of those microcracks. 
ErBaCuO and YBaCuO on GaAs
The reactivity and volatility of GaAs are greater than those of Si. It is expected that GaAs and YBaCuO (ErBaCuO) react at high temperatures.
This study is to find out at what temperature the reaction becomes severe. Figure 6 shows the AES depth profiles of the ErBaCuO films deposited on GaAs substrate at 400°C and subsequently annealed at 650°C for 40 s and at 75OOC for 10 s, respectively. The sharp edges in the depth profiles at the ErBaCuOfiaAs interface indicate that there was no significant interaction between ErBaCuO and GaAs under those annealing conditions. The small Ga and As signals present in the ErBaCuO layer were due to overlap of the Auger electron energy spectrum of Er with those of Ga and As so that the Er signal was picked up by the Ga and As AES windows. Figure 7 shows the 1.95 MeV Rutherford backscattering spectra of an approximately 550-nm-thick YBaCuO film on GaAs substrate as-deposited (substrate temperature was 450°C during deposition), annealed at 750°C for 10 s, and annealed at 800°C for 10 s. After annealing at 750°C. the film had not reacted with the substrate. The RBS analysis of this sample shows a sharp interface. However, the film thickness has increased by about 50 nm, prob-(4 The results from RBS and AES agree each other that no significant interaction between GaAs and YBaCuO (ErBaCuO) has occurred after annealing at 750°C for 10 s. However, RBS results indicate that GaAs and YBaCuO have reacted strongly after annealing at 800°C for 10 s. This will probably make it difficult to achicve supcrconductivity for YBaCuO or ErBaCuO films depositcd on GaAs substrate in the cases where post annealing is necessary, since temperatures greater than 800°C have bcen required in most of the reported post-annealing results. -1
High-T, YBaCuO and ErBaCuO films have been deposited on Si substrates with a ZrOa buffer layer by single-target sputtering. The superconducting properties (T, and J,) are similar between furnace-annealed films and rapid-thermal-annealed films, under the same deposition condition. However, the furnace-annealed films are prone to having second phases formed. The wide T, transition and low J, are probably the result of a high density of micmcracks in the films.
No significant interaction at the interface between GaAs and YBaCuO (ErBaCuO) occurs for rapid thermal annealing at temperatures below 750°C. Above 8oO"C, the reaction between GaAs and YBaCuO (ErBaCuO) becomes severe.
